I on admission. Treatment of ACS patients with or without modifiable risk factors was similar with regard to interventional therapies and use of antiplatelet agents. In-hospital mortality was lower in patients without modifiable risk factors but in-hospital MACCE and 1-year survival was similar. Conclusion: Lack of modifiable risk factors was an independent predictor of lower in-hospital mortality but not of MACCE in patients who presented with ACS.
ing, hypertension, diabetes and abdominal obesity were found to be the most important modifiable risk factors for MI [2, 3] . However, several previous studies have shown that patients with chest pain may often lack modifiable risk factors [4] [5] [6] and some reports have suggested that the presence or absence of modifiable risk factors for coronary artery disease was not clinically helpful in the diagnosis or exclusion of acute MI (AMI) in the emergency department [4] . For the patients presenting to the emergency department, modifiable risk factors do not increase the risk of acute ischemia and convey minimal risk for an acute cardiac event [6, 7] . Use of the cardiac modifiable risk factor burden, defined as the number of risk factors present, is not appropriate for defining the probability of patients with an acute coronary syndrome (ACS), especially in those 1 40 years [4, 5] . Body et al. [4] reported that 12.2% of emergency room patients with chest pain but without modifiable risk factors had a final diagnosis of AMI.
Little is known about patients without known modifiable risk factors who presented with ACS. Therefore, the aim of this study was to assess baseline characteristics and outcome in patients without known modifiable risk factors admitted with ACS in Switzerland between 1997 and 2010, and compare them to patients with one or more risk factor(s).
Patients and Methods
The AMIS (Acute Myocardial Infarction in Switzerland) Plus project, which was started in 1997, is an ongoing nationwide prospective registry of patients admitted with ACS to hospitals in Switzerland. Details have been published previously [8] [9] [10] [11] . Participating centers, ranging from community care institutions to large tertiary care facilities, provide blinded data for each patient through a standardized internet-or paper-based questionnaire. These are checked for plausibility and consistency by the AMIS Plus Data Center in the Institute of Social and Preventive Medicine at the University of Zurich. The registry was approved by the Supra-Regional Ethics Committee for Clinical Studies and the Swiss Board for Data Security, as well as by the cantonal ethics commissions. The AMIS Plus project is officially supported by the Swiss Societies of Cardiology, Internal Medicine and Intensive Care Medicine.
For each patient, a total of 230 items are collected by each hospital, including medical history, co-morbidities, known cardiovascular risk factors, clinical presentation, out-of-hospital management, early in-hospital management, reperfusion therapy, hospital course, diagnostic tests (used or planned), length of hospitalization, discharge medication and discharge destination. Patients are enrolled in the registry on the basis of their final diagnosis. The AMIS Plus registry included all patients with ACS: AMI defined by characteristic symptoms and/or ECG changes and cardiac marker elevation (either total creatine kinase or creatine kinase MB fraction at least twice the upper limit of normal or troponin I or T above individual hospital cutoff levels for MI), and unstable angina (symptoms or ECG changes compatible with ACS and cardiac marker levels lower than cutoff or normal levels) according to the new universal definition of MI [12] [13] [14] . Patients were also categorized as having ST-segment elevation MI (STEMI) or non-STEMI (NSTEMI) based on initial ECG findings. Classification of STEMI included evidence of ACS as described above and ST-segment elevation and/or new left bundle branch block on the initial ECG. NSTEMI included patients with ischemic symptoms, ST-segment depression or Twave abnormalities in the absence of ST-elevation on the initial ECG.
The following modifiable risk factors were included in this study: smoking, dyslipidemia, hypertension, diabetes and obesity. Modifiable risk factors were documented in the patient's medical history: dyslipidemia (defined as a history of dyslipidemia if diagnosed and/or treated by a physician), arterial hypertension (defined as a history of arterial hypertension diagnosed and/or treated by a physician and/or documented blood pressure 1 140/90 mm Hg) and diabetes (defined as a history of diabetes, regardless of duration of disease if the patient had been treated for diabetes and was previously diagnosed by a physician) [15] . Documentation of the modifiable risk factors provided by the local physicians was accepted as stated. A patient was defined as obese if the body mass index was 6 30 kg/m 2 and as smoking if the patient was smoking at the time of the cardiovascular event. In 2005, a question was added to the questionnaire asking patients whether there was a family history of premature heart disease in a first-degree relative ! 60 years of age. Co-morbidities of the patients were assessed using the Charlson comorbidity index [16] .
The primary outcome measure was in-hospital mortality. Secondary outcome measures were the rates of in-hospital major adverse cardiac or cerebrovascular events (MACCE) defined as a composite outcome of mortality, re-infarction and cerebrovascular event as well as 1-year mortality.
Patient Selection
The present analysis included all ACS patients enrolled in AMIS Plus between January 1, 1997, and December 31, 2010. ACS patients were classified as having no modifiable risk factors if they did not have any of the classic modifiable cardiovascular risk factors (arterial hypertension, dyslipidemia, obesity, smoking or diabetes). Furthermore, since 2005, 3-and 12-month follow-ups were carried out with patients who gave their informed consent. This subgroup of AMIS Plus patients was also analyzed in this study.
Statistical Analysis
The results are presented as percentages for categorical variables and analyzed using the non-parametric Pearson 2 test or Fisher's exact test as appropriate. Continuous normally distributed variables are expressed as means 8 SD and compared using Student's two-tailed unpaired t test. Continuous non-normally distributed variables are expressed as medians and interquartile ranges and analyzed using the Mann-Whitney U test. A probability value of p ! 0.05 was considered statistically significant. A multivariate logistic regression model based on backward logistic regression methodology was used to determine in-hospital mortality predictors from the following set of variables: age, gen-der, systolic blood pressure, heart rate, Killip class 1 2 and the Charlson comorbidity index. Separate univariate logistical models were first fitted for each variable and then backward elimination with a significance level of 0.05 was performed. Odds ratios (OR) were simultaneously adjusted for all other predictors included in the multivariate logistic regression model. SPSS (version 19; SPSS, Chicago, Ill., USA) was used for all statistical analyses.
Results
Between 1997 and 2010, a total of 35,284 patients with a final discharge diagnosis of ACS from 77 Swiss hospitals were enrolled in the AMIS Plus Registry. Of these patients, 51.2% were treated in large teaching centers and 48.8% in smaller regional hospitals. Because of incomplete data on modifiable risk factors, 1,978 (5.6%) patients were excluded from the present analysis. Of the remaining 33,306 patients, 31,181 (93.6%) had one or more modifiable risk factors, and 2,125 (6.4%) had none of the modifiable risk factors (smoking, dyslipidemia, hypertension, diabetes and obesity; fig. 1 ). Although the annual rate of ACS patients without known modifiable risk factors fluctuated between 4.5 and 7.6% throughout the 14-year period, these fluctuations were not significant (p = 0.13; fig. 2 ). ACS patients without modifiable risk factors were more likely to have STEMI than patients with one or more modifiable risk factors (63.8 vs. 56.9%; p ! 0.001) and more often presented without prior known coronary artery disease (77.6 vs. 60.2%; p ! 0.001).
Baseline characteristics of the ACS patients according to the presence of the modifiable risk factors are reported in table 1 . ACS patients without modifiable risk factors were on average 2.4 years older (due to males) than those with one or more modifiable risk factors and had less moderate to severe comorbidities (Charlson comorbidity index 6 2) and were more frequently in Killip class I on admission. They presented with comparable delay after symptom onset and pain, but they had less frequently dyspnea on admission. For the 14,397 patients for whom this information was available, a positive family history was reported by 26.7% of the patients without modifiable risk factors and by 34.5% of patients with modifiable risk factors (p ! 0.001). Treatment of ACS patients with or without modifiable risk factors was similar with regard to interventional therapies and use of antiplatelet agents such as thienopyridine and GPIIb/IIIa inhibitors. Patients with modifiable risk factors were more likely to receive angiotensinconverting enzyme inhibitors and/or angiotensin II antagonists and statins but less likely to receive aspirin and heparins ( table 2 ) .
Complications and overall outcome were comparable between these two patient groups ( fig. 3 ) . Crude in-hospi- tal mortality was lower in patients without modifiable risk factors (OR 0.79; 95% confidence interval, CI, 0.65-0.96, p = 0.021). However, the risk for MACCE was similar in the two groups (unadjusted OR 0.85; 95% CI 0.71-1.01, p = 0.059). Lack of the modifiable risk factors smoking, dyslipidemia, hypertension, diabetes and obesity in patients admitted with ACS was an independent predictor of lower in-hospital mortality, but failed to reach a statistically significant level as a predictor of MACCE ( table 3 ) .
After the acute event, 5,737 ACS patients were followed up after a median of 384 days (interquartile range 370-404 days). A total of 3.3% of patients with one or several and 2.9% of patients without any of the modifiable risk factors studied died during the follow-up period. The adjusted OR for mortality for patients without modifiable risk factors was 0.82 (95% CI 0.46-1.46; p = 0.49). Fig. 3 . In-hospital outcome of ACS patients. Modifiable risk factors were smoking, hypertension, dyslipidemia, diabetes and/or obesity. NS = Not significant. 
Discussion
In this study, 6.4% of the patients with a final diagnosis of ACS had none of the classic modifiable cardiac risk factors. This is in accordance with the results from Body et al. [4] who found that 7.4% of patients diagnosed with AMI in the emergency department had no modifiable risk factors.
The pathophysiology of the atherosclerotic process has been a topic in cardiovascular research and recent results showed that even in the absence of significant coronary artery disease and conventional modifiable risk factors, chronic inflammation may be associated with severe abnormalities of the coronary microcirculation [17, 18] . In previous reports, the coronary microcirculation plays a crucial role in the outcome of patients with STEMI [19] .
For risk assessment in individual patients, several algorithms have been developed, but their implementation in clinical practice is poor [20] .
The absence of any modifiable risk factors carried a negative likelihood ratio of 0.61 for the diagnosis of MI [4] . However, a lack of modifiable risk factors for coronary artery disease should not prevent physicians from seeking to rule out acute MI.
Assessing a patient's cardiovascular risk is one of the important goals and may help to target individual patients who are asymptomatic but at sufficiently high risk for the development of cardiovascular disease and could therefore benefit from preventive interventions [21] . The risk of atherosclerotic cardiovascular disease for those with a severe modifiable risk factor burden has been reported to be as high as 52% for men and 31% for women at 50 years of age [22] .
In this study, patients hospitalized for ACS without one of the modifiable risk factors recorded in their chart did not differ in outcome from patients with known modifiable risk factors. Although patients without modifiable risk factors were older and more frequently admitted for STEMI than patients with one or more modifiable risk factors, their in-hospital mortality was statistically significantly lower. However, mortality in the sub-group of patients followed for a median of 384 days after the initial ACS was similar for patients with or without these risk factors. Hierarchy and impact of clinical risk factors on admission to hospital, such as age and hemodynamic parameters, played a role in both groups with no change in major cardiovascular events, indicating the great importance of clinical risk stratification on admission.
Differences in baseline characteristics between the patients with and without established modifiable cardiovascular risk factors were assessed regarding the presence of moderate or severe comorbidities, dyspnea on admission and the severity of heart failure expressed in Killip classes. Male patients without modifiable risk factors in this study were on average 2.4 years older than those with one or more modifiable risk factors. It could be speculated that such patients have later onset of an acute ischemic event. In a study by Han et al. [5] in patients presenting to the emergency department with suspected ACS, predominantly in young ( ! 40 years) but not in older patients, the odds of ACS being present increased with increasing number of cardiac risk factors identified. However, in both populations of our study, only 2% of the patients were ! 40 years of age.
Patients admitted with ACS without known risk factors were treated with an early invasive strategy and with thienopyridine and GPIIb/IIIa inhibitors in a similar way [23, 24] . In this study, however, the number of patients followed for approximately 1 year after the initial ACS event was probably too low to show differences in cumulative MACCE or mortality according to the presence or absence of modifiable risk factors.
Limitations
Participation in the AMIS Plus registry is voluntary, the number of hospitals varied and might therefore not be entirely representative of all hospitals in the country despite the permanent involvement of 1 70% of all hospitals treating patients with ACS. Usual selection bias and confounding parameters of such non-randomized and uncontrolled studies should be taken into account in the interpretation of the data. The possibility of inaccuracies in data entry cannot be totally ruled out and may thus create unrecognized biases. Individual on-site auditing at the participating centers was only performed sporadically up until 2010. Since then, external auditing has been performed regularly. However, the AMIS Plus database is very large and represents hospitals of various sizes and equipment over a substantial period of time. Data questionnaires were always carefully checked by the data management center.
All variables were classified based on the assessment of the local investigators. The modifiable risk factors were treated as dichotomous variables, which is not physiologically accurate due to the spectrum of disease severity. A total of 1,978 patients (5.6%) were excluded from these analyses due to missing data on one or several risk factors. Furthermore, there were no data stating how long the patients had the modifiable risk factors. There were no assessments of clinical eligibility for each drug and thus failure in the use of certain drugs may reflect contraindication for their use.
Conclusion
Patients without any of the classic modifiable risk factors such as smoking, dyslipidemia, obesity, hypertension and diabetes who suffered an ACS were comparable with ACS patients with one or more of these modifiable risk factors. The differences in baseline characteristics showed that ACS patients without modifiable risk factors were less likely to have moderate or severe comorbidities, dyspnea or Killip class II/III on admission, and male patients were significantly older. There were no differences in gender, age of female patients, delay or resuscitation prior to admission. In addition, coronary reperfusion and antiplatelet therapies were similarly used in patients with or without modifiable risk factors. Lack of modifiable risk factors was an independent predictor of lower in-hospital mortality but not an independent predictor of the composite outcome of re-infarction, stroke and death or 1-year survival in patients who presented with ACS.
